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ABSTRACT 



This invention relates to a cornpeljiive-binding, capillary 
clcctrophorctic method of detecting new iberapevtic regu- 
latory (modulating) and diagnostic compounds in natural 
samples and other complex biological materials. The present 
method generally comprises mixing a preselected, detect- 
able target with a sample of comple* biological material io 
produce a first, rumple/target mixture capillary electrophore- 
sis apparatus. Subsequently, the first mixture is mixed with 
a pre-sclectcd, light-binding, cocopeiitive ligand (TBCL), 
prior to produce a second, sampleAargcl/TBCL mixture, for 
a predetermined optional incubation period sufficient to 
allow the TBCL to bind ■& prc-sclcctcd percentage of the 
available target in ibe absence of any other ligand. Ad 
aliquot of the second mixture is subsequendy subjected to 
pre-optimized capillary electrophoresis, during which the 
migration of the target is monitored- The presence of a 
potential new compound is indicated by the increase in ihc 
peak area of the unbound target peak and/or decrease in the 
peak area of the TBCL/iargel dimple* peak- A capillary 
clcctrophorctic profile of the second mixture is produced, 
which may be compared to a reference standard. The refer- 
ence standard typically comprises a capillary clcctropnoreiic 
profile or migration pattern of the target when mixed w>lb a 
TBCL in an absence or any other competing ligand under 
similar, pre-seleeied capillary electrophoreiic conditions 

32 Claims, 11 Drawing Sheets 
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CAPILLARY ELECTROPHORETIC fusing the TPs target DMA sequence (typically an enhancer 

METHODS TO DETECT NEW or promoter region) lo a luciferase (light-producing) gene. 

BIOLOGICALLY ACTIVE COMPOUNDS JN TTF agonises result in transcription ofihc lucifcrase gene, and 

COMPLEX BIOLOGICAL MATERIAL 1J fi hl ^ produced. If an antagonist is present, light is not 

5 produced. One advantage of cell-based assays over en£y- 

CR OSS-REFERENCE TO RELATED malic ^ d binding assays is Ibal they may provide more 

APPLICATION^) physiologically appropriate leads, because intact cells are 

used. On the other hand, cell-based screens can be very 

This application claims ihc benefit of Provisional Appli- difficult 10 develop, slow and quite variable in their results, 

cation No. 60/069,943, filed on Dec. 17, 1997, herein (Janzcn ct al., Society for Biomotecular Screening Meeting, 

incorporated by reference. Nov. 7-10, 1995). 

oon nwTur imrtw>nAw Enzymatic assays are cell- free screens that directly or 
FIELD Of- THE INVENTION indirectly^ (be effect of soluble compounds on the activity 
This invention Tclatcs to screening complex biological of purified target enzymes .that are related to disease pro- 
material for new biologically active compounds, and in 35 cesses. For example, viral reverse transcriptase inhibitors 
particular, to using capillary electrophoresis for such screen- can b ft screeoed by measuring the incorporation of radiola- 
ing. beled thymidine into a growing UNA chain from a poiyuri- 

dine RNA template. These assays can be very sensitive sod 

BACKGROUND OF THE INVENTION arc amenable to automaton using microliter plates. For 

tV , - _ . # . t .. t . „ 7 Q natural product screening, however, unknown compounds in 

Devclopmg semens to ufc„a(y new b.olopcally act.vc tbe M * , es M ati ^ acMy imer , crc ^ £ ceniD( , 

COmP °Z LhT Pfe ^l n rt T e n aQd dlf5CUh cha " CD r' »" d£ «* * acceptably high level* of fake ^ 

V , " f K « nln S i '! lturaU y F occu r n g c ° ra P fe * live., and false poskives. For «o£ e. greater lhaa 15% of 

logical rnaicnals (sometimes referred to as "natural t ' c . • / , , " . 

samples" or -natiral products"), various biological S^^S! *J™ m t i 'Tlll^' .l* 11 ^™' 
prep^Alioos, chtmlerf mixtures, and other complex matt- * r mv T «lB" "WW P°?"v° "flrvity ,n 

riak. Major problems induce low concentration^ of ac™ ^^"^nT^T^ IE. « TlT* SZ' 

„«v^ ~~ . . . - , p _ , pounds such as plant tannins (Cardcmoa el al., J. Nat. Prod. 

compounds, unknown components that can interfere with 56 1123-1129 1993) 

screening agents, and isolation of the new compound ooce " * . . . 

a positive sample h obtained. Despite these obstacles, the Coding assays arc particularly useful Tor screening 

pharmaceutical industry still maintains a strung intcresi in ?0 *° lvb] * mwlurcs ° f ^logical or chemical materials for 

^^recmngofcompk^mixmics.rorcxamp^itiswidcly f^P™^ bind; and thus potentially modulate or 

recognized Ibal nature provides a virtually endless supply of »^ physiologically acuvc target molecules- These 

new chemical structures ihat arc often difficult or impossible *** ys ma J or ^ning tools in ihc drug discovery 

to synthesize in a connective manner. Most natural prod- c^rts of pharmaceutical and biotechnology companies. In 

uds have some bio-activity, and historically, namral prod- J5 ""^^-^l binding assays, the largct module 

ucts and their analogs have been the most successful source («f*«y " protein) car, be afrxed or tethered lo a solid 

of therapeutic compounds. substrate such as the side or a microliter well, beads, or 

o • i_ i - r , . chromatographic supports. If the laroet molecule is a 

Wnin S technology for therapeutic and oihcr biologi- \ £ n bc c " OQ ^ f 

^LlTZr^" f T lW ° ^TV^ff 40 at^hedtomesolidsu^ 

^rr^TTw^ (GOr<k>D 61 4U J ' lhc to*™*®** wTtDd bound P h' g ands are delected, 

Bioassays represent lhc oldest, andso far, most productive reaction. Alternatively, the sample is mixed with a soluble- 
screening tool. Bioassflys measure the effect of natural phase target that is captured usitig an anti-target antibody, 
samples on the viability or metabolism of disease-related ^ Such binding assays are advantageous because they faciH- 
cell types such as bacteria, fungi, viruses, and tumor cells. utc the washing and isolation of target-ligand complexes. 
For example, the P-laciam antibiotics (e.g. 7 penicillins and However, immobilized-targct binding assays also suffer 
cephalosporins) were d^covered by testing microbial broths fr0ra disadvantage^ particularly as a method for 

tor bacterial growth .nhibmon m culture tests. Likewise, the natund biological samples for new active com- 

ant,fungal impounds nystatin and amphotericin B, were ?0 poUDds . Qne prob i cm is lhat lhc bindi of mulli Jd back . 
isolated from broths hat inhibued yeast growth m culture ground compounds, if present in sufficient quantises, may 
tests. However, mamly due to the lack of specificity and produce a positivc si £lial lbal is indistinguishable from that 
sciisii^tyofbioas^^ of a s£fl&Je lkl the . c CQa 

based assays have replaced most bioassays as primary screening with imoiobiiized-iarget binding assays often 

screens. 55 rcquj^ heavy washing or improved clean-up capability. 

Mechanism-based assays can be subdivided info three Another general problem is that affixing target proteins to 

general categories: (1) recombinant cell-based assays, (2) solid substrates often inactivates the protein or produces a 

enzymauc/biochemical assays, aod (5) biodinij assays. functional change. This problem can be addressed to some 

Today s assays must satisfy the need fi>r high throughput ejacnL by using recombinanl DNA technology to insert an 

capacity, so they must bc robust, simple, and amenable to 60 inert "handle 7 ' such as a peptide epitope into the target 

automation in a parallel processing mode. protein. The protcin-Ugand complex can then be isolated 

Recombinant, cell-based assays screen for a given, Voown through the use of an antibody to this, epitope. However, 

functional response. Usually a target receptor, enzyme, or development of these modified targets is time -consuming 

other protein is introduced into cultured cells by genetic and expensive. 

engineering. Inhibition or induction or target activity is 65 One commonly used binding assay is the microliter- * 

associated with an easily-measured response. For example, formal, enzyme-linked uumunosorbent assay (ELISA). One 

modifiers of iranscripiioa factors (ll 5 ) can be measured by disadvantage is that the target molecule, which is usually 
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ai 6.670 minutes, which was much larger than the reduced 
LTG/DZ peak. The unbound LTG peak indicated the pres- 
ence of an unknown hii compound in the screened natural 
extract sample thai could bind to I TO. Also observed was a 
series of peaks spread broadly over the region of 2.5-3.5 
minutes, representing unknown flucirescenl peaks in ihe 
natural extract. This result points out the sensitivity and 
power of the present method. If this screen had uoi been a 
CE separation technique and had been done in a microti ter 
well, the fluorescent background peaks would have been 
undistinguishable from a larger peak and would have given 
a false positive (or negative) result in a fluorescence -based 
binding assay. 



EXAMPLE III 

15 

FIG- 6 depicts the CE results of another lest run of the 
present screening assay, under similar conditions as in 
Example I, except that the screened inert sample contained 
10 DM (instead of 100 nM) or the lest hit compound £Z. As 
well, two different pre-CE incubation times with the TBCL 30 
were tested. 

Panel [A] of FIG- 6 depicts the CE profile of 5 nM LTG 
after a 1-minute incubation with 2 nM DZ- As before, a 
major peak corresponding to the TOCL/DZ complex is seen 
at 11.9^7 minutes. A minor peak corresponding to unbound, 25 
LTG is seen at 11 .727 minutes. 

In panel [B] of HG- 6, 5 nM of LTG was intubated first 
with an inert natural sample spiked with 10 nM of elhox- 
yzolamide (EZ) for 10 minutes, and then with Z nM dor- 
solamide (DZ) for 1 minute. Due to competitive binding of 30 
the target by the ie$i hit compound, EZ, the LTG/DZ 
complex peak ai 12.033 minutes was reduced, while the 
unbound target peak at 11.763 minutes was higher. 
Therefore, prior binding of ibe EZ to ihe LTG prevented 
some, but not all, LTG from bindiog to the DZ during (he 35 
later, 1 -minute incubation with DZ. 

Panel [C] of FIG, 6 shows ihe capillary electrophoresis 
profile of a sample of the same mixture as in Panel [li] of 
FIG. 6, (5 nM LTG with 10 nM EZ-cootaining natural 
sample, and then with TBCL, 2 dM DZ). However, the 4° 
mixture is subjected to an additional 20 minutes of incuba- 
tion time with DZ, prior to CE. That e*1ra incubation time 
allowed the tighL^bindiag DZ ligand to almost completely 
displace bound EZ from the LTG prior lo injection into the 



Panel [B] of FIG. 7 shows the CE profile of 5 nM LTG 
a tier incubation with a natural sample that contains an 
unknown hit compound and thep with the TBCL, DZ, vnder 
the same condilions as above. The LTG/DZ complex peak at 
5 7.260 minutes was reduced, while the unbound LTG peak at 
7.110 minutes was higher. 

Panel [C] of FIG. 7 shows the CE profile of an aliquot of 
the same mixture as for FIG. 7, panel [B], after an additional 
40 minutes or incubation with DZ prior to injection into the 
10 CE apparatus. DZ has displaced some but not all of the hit 
compound from being bound to LTG, and a higher LTG/DZ 
complex peak is seen at 7.277 minutes and a reduced 
unbound LTG peak is seen at 7.127 minutes. These results 
show that the screening assay has detected a tight-binding 
'5 hit, or a moderatc-to-weak binding bit at a high 
concentration, since DZ was unable to completely replace 
the hit compound even after another 40 minutes of incuba- 
tion (as opposed lo FIG. 7, panel [A] 's 1-miDutcincubation)- 



EXAMPLE V 

This example illustrates the case where a tight-binding hit 
compound that has a different charge from, or a higher MW 
than, ihe TBCL. is present in the natural sample. 

Panel [ A] of FIG, S depicis the CE profile of 5 nM LTG 
incubated with 2 nM DZ- A major peak corresponding to the 
LTG/DZ complex is seen at 7,143 minutes. A minor peak 
corresponding lo the unbound FTG is seen ai 6 997 minutes. 

Panel [R] of FIG. 8 shows 5 nM LTG incubated with a 
natural sample that contains an unknown, light-binding nil 
compound, and then incubated with 2 nM DZ Tor the optimal 
incubation time. As seen in the figure, most of the LTG was 
coaiplexed to DZ because ihe ITG/DZ peak at 7.173 min- 
utes is still large. The minor unbound LTG peak at 7.017 
minutes is stili present. However, a new peak is now visible 
on the left-hand shoulder of the unbound LTG peak. This 
shoulder peak is a stable complex of LTG with an unknown 
hit compound in the natural sample that has a different 
(opposite) charge from thai of the TBCL (DZ). The opposite 
charge on the unknown hit makes the complex appear at an 
earlier time than the unbound LTG, rather than a I a later rime 
like ibe LTG/DZ complex. 

This screening method has successfully detected a wide 
variety of hit compounds having different charges (negative, 



higher target/LTG/DZ complex peak at 12.020 minutes and 
a greatly reduced peak of unbound LTG at 11.753 minutes 
(in comparison to panel [B] ol FIG. 6). Thus, as 
demonstrated, ibis method can be used lo show (hat a 



CE apparatus- Therefore, the resulting. C£ profile showed a 45 ncUu * al » 0r positive) and different binding affinities to the 

t.-^ ™ ^„ , . _ _ targp! molecule, human carbonic anhydrasc 11 (I1CA-II). For 

instance, U has detected moderately binding hit compounds 
such as 0.5 nM of ctboxyeolamide and 2.0 nM of dichlor- 

^ ^ ^ phenamide. Weak-binding hit compounds detected include 

detectable unknown hi) compound specifically "compete^ 50 80nMof acetazolamide and 150nM of methawlamide. The 
wiih the JT3CL, For example, one could claim that a mel hod has also dctecterJ a very weak-binding hit 
screened natural sample displaying a "hil"— <.g., a sample compound, carzenide (PCBS) at a 30,000 nM concentration, 
that alters target mobility by producing a difference in peak Scc 7 c *£"' H ?' ? for caJi &ral">n curves of different concea- 
area, location, or shape — is simply deslroying the activity of u ' aIit> ns of different hit compounds binding lo the HCA-II 
some of the target (LTG), which thus can no longer bind (he SS ,flr 2 cL 

TBCL (DZ). Panel [C] of FIG. 6 proves thai the LTG While the present invention has been described in con- 
reraains functionally active during the screening method, junction with preferred embodiments, one of ordinary skill 
because given enough incubation time (of [bo sample/LTG/ ™ tne arl > a & cr reading (he foregoing specification, will be 
DZ mixture), DZ replaces the test hit compound EZ in ah * c lo cffeci va «°us changes, substitutions of equivalents, 
binding to LTG. 60 and other alterations lo the compositions and methods set 

forth herein. 



EXAMPLE IV 
FIG. 7, panel [A] depicts the CE profile of 5 nM LTG 
incubated wiih 2 nM DZ, under the same conditions as for 
FIG* 4, panel [J6]. A major peak corresponding to the 
LTG/DZ complex was seen ai 7.080 minutes. A minor peak 
corresponding to unbound LTG was seen at 6.947 minutes. 



What is claimed is: 

1. A method of screening complex biological material for 
previously unidentified, weak-to -tight-binding hit com- 
pounds that bind to a pre-sctccted, delectable target, 
comprising, in ihe order given, the steps of: 

(1) providing a sample of complex biological material; 
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